Ozonation-biofiltration reduced NDMA precursors in these two water sources but significantly enhanced NDMA formation in Suwannee River NOM. The increase of NDMA formation was attributable to the alteration of NOM characteristics of the HPI fraction by ozonation; the NDMA FP increased 214% in the HPI fraction after ozonation.
INTRODUCTION
In natural waters, frequent algal blooms may increase dissolved organic nitrogen (DON), which leads to the formation of disinfection byproducts (DBPs) during water chlorination and/or chloramination (Lee et al. b) . In particular, DON has been reported to be an important precursor for nitrogenous DBPs (N-DBPs), including haloacetonitriles (HANs), halonitromethanes (HNMs), and N-nitrosodimethylamine (NDMA) (Lee et al. b) . The levels of these N-DBPs in drinking water, ranging from low ng/L (e.g., NDMA) to low μg/L (e.g., HANs and HNMs), are orders of magnitude lower than those of commonly regulated trihalomethanes (THMs) and haloacetic acids (HAAs) (Krasner et al. ; Richardson et al. ) .
Although their levels in drinking water are low, the genotoxicity and cytotoxicity of these N-DBPs are much higher than those of THMs and HAAs (Plewa et al. ) , which may raise health concerns. 
).
Of the ozonation-induced BDOC, only a small portion is attributable to aldehydes and short-chain carboxylic acids and over 60% are not well characterized (Richardson et al. ; Swietlik et al. ) . In addition, little work has been done to explore the relationship between biofiltration-removable DOC and the N-DBP FPs. Therefore, the objective of this study is to explore the changes in the formation concentrations of HAN, TCNM, and NDMA, which are three groups of N-DBPs associated with chloramination of water, during ozonation and biofiltration.
MATERIALS AND METHODS

Water sources and fractionation
In this study, three DOM sources isolated from surface waters were investigated. Surface water 'ST' was collected from a local eco-pond. 'TH' was collected from a water reservoir with frequent algal blooms. A model DOM, Suwannee River NOM (SRN, RO isolation, Cat. 
The water parameters for DOMs tested in this study are summarized in Table 1 .
Experiments
The monochloramine used in DBPFP was freshly prepared before each experiment. Ammonium chloride solution (pH 8.5) was refrigerated (4 W C) for 1 h. Sodium hypochlorite (6-14%, Sigma-Aldrich, USA) was added at a molar ratio of .
The ozonated samples were allowed to stand overnight (no ozone residual was detected after the ozonation step).
The biofilter consisted of a glass column (30 cm in height and 1.75 cm in width) packed with silica sand, and the biofilm was established by continuously feeding raw water collected from pond water (DOC ¼ 4.7 mg L À1 ) for over 3 months. Before the biofiltration experiments, 100-mL sample aliquots (∼2 bed volumes) were passed through the biofilter and discarded. The EBCT of biofiltration was 25 min. 
NDMAFP
Our previous study has shown that transphilic and HPI fractions are the main precursor sources for NDMA in natural waters (Chuang et al. ) . Compared with the NDMAFP in transphilic and HPI fractions, the NDMAFP from the chloramination of hydrophobic fractions was relatively low, (11 ± 2.7 ng/mg DOC, Figure 6 ). The NDMAFP is correlated with the DON to DOC levels in the transphilic and HPI fractions, which constitute ∼40% DOC in the DOMs tested in this study (Chuang et al. ) .
Ozonation decreased the NDMAFP in ST and SRN but increased NDMAFP by 30% in TH, and the following biofiltration removed limited NDMAFP in the NOMs tested in this study (Figure 1 ). The organic fractions separated from these NOMs responded differently to ozonation; ozonation significantly decreased the NDMAFP for most of the organic fractions, agreeing with a previous study (Lee et al. a) . A sharp increase of NDMAFP (214%) was evident in TH-HPI (Figure 6 ), suggesting that ozonation may cause the release of NDMA precursors in TH-HPI.
A previous study has characterized extracellular organic matters (EOM) and intracellular organic matters (IOM) as HPI-rich organic matters using the serial resin fractionation method (Li et al. ) . These algal matters have low SUVA 
IMPLICATIONS
Recent work using isotopically labeled monochloramine 
